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Blood pressure (BP) is a variable phenomenon influenced by many factors, and considerable variability occurs in BP from moment to moment which can take to erroneous diagnosis and then inappropriate management. This is particularly true in the elderly in whom BP variability is increased. 1, 2 An inaccurate assessment of BP could lead to severe repercussions. Mistreated elderly patients due to an over or under BP assessment are exposed to an increased risk of fall or an increased risk of hypertension-related diseases.
In this context, home blood pressure measurement (HBPM) has become increasingly important in the diagnostic and management of hypertension, and is recommended by national and international hypertension management guidelines notably in the elderly. [3] [4] [5] [6] Indeed, compared to office BP measurement, HBPM presents several advantages: a higher number of measurements can be taken thus improving the estimate of average BP, home BP measures are taken during daily life context thus limiting emotional disturbances, and providing values more accurate and close to reality. However, no study so far has assessed feasibility of HBPM in the elderly in whom physical or cognitive weakening could limit its realization.
We therefore implemented a feasibility study of HBPM within a cohort of elderly individuals of the general population.
Methods
Study sample. The participants of the present study were included in the Three-City Study, a community-based cohort study evaluating the risk of dementia attributable to vascular factors in the elderly. To summarize, participants were randomly selected from the electoral rolls of three French cities between 1999 and 2000. To be eligible for the study, subjects were required to be 65 years or older and non-institutionalized. The study protocol was approved by the ethics committee of original contributions
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Kremlin-Bicêtre University Hospital, and each participant signed an informed consent form.
During end of the fourth follow-up exam and beginning of the fifth follow-up exam, the 3C population at the Dijon Center was asked to take part in the HBPM study and 1,814 aged 73 years or more agreed to participate (participation rate = 87%). The study design and entry criteria for the 3C-HBPM study have been published in detail elsewhere. 7, 8 Nonparticipants were older (mean difference 1.5 years, P < 0.0001), more frequently had low education level (P = 0.002), and lower cognitive function assessed with the Mini-Mental State Examination (MMSE) (mean difference 0.6, P < 0.0001) (data not shown).
Home BP measurement HBPM training: During the visit at study center, HBPM study was explained to the participants, and they were given instructions on how to measure their own BP with the validated digital electronic tensiometer OMRON M6 (OMRON Healthcare, Kyoto, Japan). 9 They had one individual supervised demonstration, and they were assigned the same device for use at home. A booklet with simplified instructions and a logbook to record their BP measures were also provided.
HBPM protocol: Measurements had to be taken in accordance with the following protocol: three BP measures separated by 2 min after the subject rested at least 5 min in a seated position, with an adaptable sized cuff placed on the left arm. Cuff used was conceived for arm circumference between 22 and 42 cm. Participants were asked to measure their BP at home six times per day-three in the morning and three in the evening-for three consecutive days. Morning measures had to be performed <1 h after awaking and before taking any drug. Evening measures had to be realized close to bedtime. Patients were asked to keep a record of all BP readings in their logbook.
HBPM was realized twice at two exams (exam 1 and exam 2) at 1-year apart. The same procedure was applied for the two exams, and the two examinations were performed on the same sample. Among the 1,814 subjects who performed the first examination, 1,535 took part in exam 2 (29 died and 250 refused).
HBPM validity criterion: As proposed in previous studies, HBPM was deemed successful when at least 12 measures of the 18 were performed. 10, 11 Participants self-reported their BP measures in the logbook given during the visit at the study center. The logbook was composed of three pages, one for each day, with two parts: "Morning Measure 1 to 3" and "Evening Measure 1 to 3. " Self-questionnaires. Participants were also invited to fill in a self-questionnaire of three questions intended to assess their opinion of HBPM and theirs difficulties in measuring BP ("Has the BP measuring device functioned well?, " "Were the BP measurements easy to perform?, " and "Was BP measurement restrictive?"). Restrictive meant that HBPM was a procedure challenging to perform. We received 1,719 questionnaires namely a participation rate of 94.7%.
Other data and measurements. Sociodemographic and medical data were collected during the baseline visit by trained interviewers. Age was used as continuous variable and also as a three group variable based on tertiles division (≤76 years, 76-80 years, and >80 years).
Height, weight, and arm circumference were measured. Body mass index (BMI) was computed as the weight divided by the square of the height. Normal weight was defined as a BMI <25 kg/m 2 , overweight as a BMI contained between 25 and 30 kg/m 2 , and obesity as a BMI ≥30 kg/m 2 .
Two educational levels were defined: High (12 or more years of formal education), and Low (<12 years of formal education).
Cognition level was assessed with the MMSE which is a summed score evaluating various dimensions of cognition (memory, calculation, orientation in space and time, language, and word recognition). Test scores range from 0 to 30; higher scores indicating better cognitive status. 12, 13 MMSE was used as a three group variable: high cognition level (MMSE score ≥28), moderate cognition level (MMSE score [23] [24] [25] [26] [27] [28] , and low cognition level (MMSE score ≤23).
Depression was assessed with the Center for the Epidemiologic Study-Depression (CES-D) scale. This scale, a 20-item self-administered instrument that provides total scores ranging from 0 to 60, 14 has been validated for use in studies that include elderly individuals. [15] [16] [17] The CES-D rates the frequency of reported depressive symptoms experienced in the past week (i.e., depressed mood, feelings of guilt and worthlessness, feelings of helplessness and hopelessness, and sleep disturbance). The CES-D scores were considered dichotomously (yes/no) using recommended cutoff values. Clinically significant depressive symptoms were defined as CES-D scores of 17 or greater in men and 23 or greater in women. 17 Civil status was defined as living alone or not. Autonomy was assessed with Lawton scale which is a questionnaire evaluating abilities to carry out instrumental activities of daily living (use the phone, go shopping, use transportation, manage one's medication, manage one's budget, prepare meals, maintain home, do the washing). Five daily activities are tested in men and eight in women. Subjects are considered as autonomous if they are totally independent for the daily activities. 18 Anxiety was assessed with the Mini-International Neuropsychiatric Interview (MINI) which is a psychiatric brief structured interview comprising several modules. Each module corresponds to a diagnostic category consistent with criteria of the current or lifetime major Axis I psychiatric disorders of the Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-IV). MINI test has been previously validated within the general population setting and extensively used in clinical settings and epidemiological studies worldwide. 19 Participants were classified as having a history of cardiovascular events if they had experienced a past history of stroke, bypass, angioplasty, myocardial infarction, angina, or heart surgery. All drugs (prescription and over-the-counter drugs) used during the preceding month were recorded. To avoid Statistical analysis. Frequency of HBPM failure was first estimated in the whole sample at baseline and 1-year. Frequency of failure was also assessed in the adjusted sample.
We then compared baseline characteristics of participants who succeeded in HBPM and those who failed using χ²-test for categorical variables and analysis of variance for continuous variable.
Baseline frequency of HBPM failure was also compared within strata of age, sex, BMI, education level, cognition level, depressive symptoms, civil status, and autonomy. We estimated association with HBPM failure across these strata using a logistic model adjusted for age and sex.
To identify factors associated with HBPM failure, we used multivariate logistic regression analysis. Variables entered in the model were age, sex, education level, cognition level, depressive symptoms, and autonomy. From this multivariate logistic regression analysis, we derived adjusted probabilities of HBPM failure. We worked out the probabilities of HBPM failure in strata of factors associated with HBPM failure after multivariate adjustments.
We then analyzed participants' opinion of HBPM. We assessed frequency of participants considering HBPM as difficult to realize and frequency of participants reckoning HBPM as restrictive in the whole sample. We also regarded participants' opinion within strata of age, sex, education level, cognition level, depressive symptoms, civil status, autonomy, anxiety, and antihypertensive medication. We determined variable associated to participants' opinion using χ²-test and ageand-sex adjusted logistic regression.
Statistical analyses were performed using SAS statistical software version 9.2 (SAS Institute, Cary, NC). A P value <0.05 was considered statistically significant.
results success rate and baseline characteristics
At exam 1, HBPM successful rate was 95.9% (n = 1,737), and 94.2% (n = 1,708) of participants properly carried out the 18 measures. At exam 2 at 1-year, 97.0% (n = 1,489) of participants succeeded in HBPM and 96.6% (n = 1,483) realized the 18 measures. At exam 1, in the adjusted sample for age, sex, and education level, HBPM successful rate was 94.0% using data extracted from INED and 95.8% using data extracted from INSEE.
Mean age was 79.1 (SD = 4.0) years in the overall sample, and 35% of participants were older than 80 years. Women represented 61% of the sample. Of the 1,814 study subjects, 36% had high education level, 42% lived alone, and 12% were nonautonomous. Table 1 shows characteristics in HBPM successful and failure groups. Participants who failed were older and more frequently women. They displayed higher proportion of individuals living alone and having depressive symptoms. And, they also had lower cognition and education levels. No difference was found between success and failure groups for anxiety, antihypertensive medication, and past history of cardiovascular events. The two groups displayed similar proportion of alcohol and tobacco consumption.
risk factors for hBPM failure
Frequency and age-and-sex adjusted risk. We first analyzed the frequency and the age-and-sex adjusted risk of failure within the variables identified in univariate analysis ( Table 2) .
While every percentages of failure were under 10%, we found that the risk of failure increased with increasing age (odds ratio (OR) = 3.4, confidence interval (CI) = 1.7-6.2 in participants older than 80 years compared to those younger than 76 years) and was between twofold and threefold higher in women, those with low MMSE, those with low education level and, those with depressive symptoms or being nonautonomous. 
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After adjustment for age and sex, civil status was no more associated with the odds of failure.
Anxiety, past history of cardiovascular events, and antihypertensive treatment were not associated with an increased age-and-sex risk of HBPM failure (data not shown).
Multivariate adjusted risk.
We then performed multivariate adjusted logistic regression, and found that three variables remained independently associated with a higher risk of HBPM failure: age, low education level, and autonomy ( Table 3) . The highest risk of failure was observed in older than 80 years.
Female sex, depressive symptoms, and low cognition level were not associated with a significantly increased risk of HBPM failure.
We applied the same analysis at exam 2 and found that one variable remained associated with a higher risk of HBPM failure: age >80 years (OR age>80 = 3.4; 95% CI = 1.4-8.0, P = 0.007; OR age 76-80 = 2.1; 95% CI = 0.8-5.2, P = 0.12).
Failure rate at exam 2 was higher in subjects with low education level than in those with high education (3.3% vs. 2.4%, P = 0.32) which translated into an increased multivariate adjusted risk of failure (OR = 1.3; 95% CI = 0.6 to 2.5, P = 0.50).
A 5-year increase of age was associated with a risk of failure increased by 50% at exam 1 (OR = 1.5; 95% CI = 1.1-2.0, P = 0.005) and at exam 2 (OR = 1.5; 95% CI = 1.1-2.2, P = 0.03) (data not shown).
Further adjustments on tobacco consumption, alcohol consumption, anxiety, and past history of cardiovascular events did not modify these results (data not shown).
Probability of HBPM failure. Third, using the multivariate model, we generated probability of HBPM failure. These results are presented in the form of tree based on age, education level, and autonomy (Figure 1) . Probability of failure was 4.2% in the whole sample. This probability ranged from 0.8% in younger than 76 years, high educated and nonautonomous to 13.3% in older than 80 years, low educated and nonautonomous.
Participants' opinion
In the 1,719 responding participants, 97% (n = 1,661) considered that HBPM was easy to carry out, and 89% (n = 1,523) that HBPM was non restrictive. Ninety-eight percent (n = 1,685) of participants reported that BP measurement device well functioned. Figure 2 displays participants' opinion within strata of age, gender, education level, depressive symptoms, living alone, autonomy, and antihypertensive treatment. Proportion of individuals declaring that HBPM was difficult to perform was higher in older (4.7%), women (3.8%), those being affecting with depressive symptoms (5.9%), and those living alone (4.6%).
HBPM was considered more frequently restrictive in older subjects (13.5%), women (13%), individuals with high education level (14.2%), and those who did not live alone (8.6%).
No difference was found according to BMI, cognition level, and anxiety (data not shown).
discussion
In this large sample of elderly individuals 73 years of age and older drawn from the general population, HBPM successful rate was very high (96%). While some studies conducted in smaller sample of younger hypertensive patients found similarly low failure rate, 11, [22] [23] [24] [25] [26] [27] our study showed that high success rate in HBPM could be reached in elderly individuals of the general population with a minimal training. Importantly, this high success rate was maintained at the second examination 1-year later (97%) which proves the reproducibility of our results.
We also found that age, low education level, and nonautonomy according to Lawton scale were independently associated with higher risk of HBPM failure. Although risk of failure increased within these three strata, failure frequency remained low and never exceeded 9%, and the highest failure probability derived from the multivariate logistic regression was equally low (13%). We did not find any association between cognitive level and risk of failure which confirms the simplicity of this measurement method. However, few participants had low cognition level which might lead to a lack of power to highlight this relation. Among participants who failed, only 10 have reported some BP measures. They displayed a nonsignificant trend of higher BP (147.95 mm Hg) than in the success group (141.85 mm Hg) (P= 0.16). Although, the reliability 
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Home Blood Pressure Measurement Feasibility of this comparison is questionable due to the small number (10 subjects), some subjects might stop measuring their HBP since the values were very high. In that regard, home BP level could be involved in HBPM failure. Although the purpose of the exam 2 was to confirm the high successful rate observed at the first examination, we also reassessed HBPM failure risk factors. Association between age and risk of failure was confirmed. As expected, proportions of low educated and nonautonomous individuals were higher among participants who did not perform the second examination than in those who performed both exams. Therefore, association between HBPM failure and low education level was not significant probably due to power reduction. Among the 42 nonautonomous subjects who performed exam 2, four failed. To perform analyses on 4 subjects would not be statistically relevant, and then association between HBPM failure and autonomy could not be confirmed at the second examination.
Consistent with these good results, nearly 97% of the participants considered that HBPM was easy to carry out, and 89% that HBPM was not restrictive. Previous studies performed in smaller samples of younger, and highly selected subjects also reported a high rate of satisfaction (80% 23 ) and have shown that HBPM was less uncomfortable, causes less anxiety and home life disturbance than ambulatory BP measurement. 28 This study has several strengths including its large sample size, the community-based setting, and the age range of our participants. We have collected many clinical, biological, and sociodemographic data which permitted the inclusion of numerous potential confounders in the analyses. Moreover, HBPM assessment was performed two times at 1-year apart which brought important data on the consistency of our findings. Some limitations have to be considered. The sample of elderly person was not fully representative of the general population. Indeed, compared to the general population of the same age, HBPM study participants were healthier overall and displayed a higher proportion of high educated individuals. Moreover, they were followed in the Three-City Study since several years which increases the participants' selection. This has probably influenced successful rate both at baseline and 1-year follow-up. Because of the important proportion of high educated subjects compared to the rest of general population and the association between HBPM failure and low education level, HBPM successful rate may be actually lower in a truly representative sample. However, this limitation is tempered by the fact that in the adjusted sample for age, sex and education level with the French national data, failure rate was close to the one observed in our study (4.2-6%). Moreover, even in participants with low education level or low cognitive status, the failure rate was under 10%; and, the probability of failure in the highest risk category (older, low educated, and nonautonomous) did not exceed 13%, thus confirming the simplicity of the protocol used. Another limitation of the estimation of the failure rate in the general population is that autonomy is not available in the general census. Therefore, failure frequency would probably be higher in a sample weighted for autonomy.
We used values reported by the participants in their booklets rather than values registered in the device's memory which could lead to unreliable reports. However, study staff compared the values registered in the device's memory with those reported by the participants in their booklets for half of the sample. The other half kept the BP measure device for several months for another study, and then data from device's memory were not available for half of the sample. It showed that the concordance between HBPM failure status determined by device memory and HBPM failure status determined by log entries was perfect (100% of matching). Moreover, even if self-report has been shown to be partially exact, several studies have shown that reliability of the values retranscribed by patients was very high. [29] [30] [31] And a recent study realized in 106 subjects reported total concordance between values registered in the device's memory and those written by subjects in 90% of the patients. 32 In conclusion, with a short training consisting in a simple method of learning with direct visualization, the success rate of HBPM was very high at two exams 1-year apart in this cohort of elderly drawn from the general population. Furthermore, participants have considered this measurement method as simple and non restrictive. These findings suggest that feasibility of HBPM is very good, and that HBPM can be largely widespread to the elderly of the general population. However, special care must be given to the very old, nonautonomous, and low educated individuals.
